Introduction
Of all chronic conditions, cardiovascular diseases are the second leading cause of death 1 with hypertension, the most prevalent, affecting 65% of older adults in Canada. 2 Adherence to treatment regimens contributes significantly to increase patient life expectancy and improve clinical outcomes. 3 In contrast, non-adherence to antihypertensive agents (AHA), mainly associated with uncontrolled blood pressure, can lead to longterm cardiovascular complications, [4] [5] [6] increased health system costs [7] [8] [9] [10] [11] and a poor 
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Milan et al quality of life. 12 Depending on the method used, adherence to AHA ranges between 16% and 77%. 13 The introduction of health system factors such as deductibles and coinsurance by Quebec's public drug policy in 1997 for prescription drugs was associated with a decrease in drug use among older adults. 14 A number of subsequent studies in the USA [15] [16] [17] [18] [19] and Canada 20 also highlighted an association between patient out-of-pocket costs and adherence rates to AHA. The studies conducted in the USA were consistent and included participants covered by the Veteran Affairs, 15 Medicare, 16 Medicaid, 16, 17 and private insurance plans. 18, 19 The studies reported a significant decrease in adherence to AHA, with an average increase of 5 dollars and more in outof-pocket costs for medications. [15] [16] [17] [18] [19] [20] Others have also shown that participants with low household incomes are at a greater risk of non-adherence due to drug costs. [21] [22] [23] Results from a telephone survey across Canada showed that respondents in the lowest household income quintile were 3.3 times more likely to report cost-related non-adherence than those with higher household incomes. 23 More recently, in an older adult population with hypertension, Kratzer et al looked into the effect of public vs private drug coverage on the use of AHA in Ontario and did not find a difference. 24 Given that drug coverage policies differ by province, these results are difficult to extrapolate. Further, results from studies conducted in the USA are not readily generalizable to Canada, given its universal health care system and the different policies on drug coverage and reimbursement. 21, [25] [26] [27] [28] [29] The purpose of this study was to evaluate the effect of patient out-of-pocket costs on adherence to AHA in community-dwelling older adults covered by Quebec's public drug insurance plan while also studying the effect of income, to better ascertain the influence of socio-economic factors on adherence regimens.
Methods

Public drug insurance plan of Quebec
In 1997, the Quebec government implemented the universal drug insurance program, which ensured that residents would be covered either under a private or the public drug insurance plan with "Régie de l'Assurance Maladie du Québec" (RAMQ), Quebec's medical insurance plan. As for the implementation of the drug policy, residents covered by the RAMQ had to pay a deductible, coinsurance and an annual premium based on the annual household income, instead of the usual copayment of $2 CAD for each prescription delivered. For residents aged 65 years and older, the out-of-pocket costs (deductibles + coinsurance) for medications are based on the guaranteed income supplement (GIS). The GIS is an amount based on the annual household income and added monthly to an individual's pension. 30 The lower the income, the higher the GIS. From 2005 to 2008, the deductible fee in the RAMQ ranged from $0 CAD to $14.10 CAD and the coinsurance ranged from 0% to 30% per month. After reaching a yearly maximum contribution that varies between $200 CAD and $904 CAD, depending on the GIS, individuals receive their medications without additional out-of-pocket costs. It should be noted that as of July 1, 2005 , older adults with a maximum GIS (100%) were exempted from out-of-pocket costs. Those with a GIS between 94% and 99% were also exempted as of July 1, 2007 . Senior residents with a GIS ,94% had to pay out-of-pocket costs. 30 An example of how out-of-pocket costs are computed from a monthly prescription is presented in Table 1 . In 2010, 33% of residents covered by the RAMQ were older adults, and they accounted for 58% of the total cost of pharmaceutical services in the province. 31 
study design
Data used in the study came from the longitudinal Quebec survey on Senior's Health "Étude sur la santé des aînés" (ESA) conducted between 2005 and 2008, which included French-speaking community-dwelling adults aged 65 years and older (N=2,811). Random-digit dialing was used to select participants. The sampling frame was stratified according to geographic areas (metropolitan, urban and rural). A proportional sample was recruited according to Quebec's 16 health administrative regions. People living in northern regions in Quebec were not included due to feasibility issues. One older adult was 
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Adherence to antihypertensive agents in older adults selected in each household. In the event that more than one older adult was living in the household, the one with the closest birthday to the date of the call was recruited. The participation rate in the ESA survey was 76.5%. The research project was reviewed and authorized by the ethics committee of the University Institute of Geriatrics of Sherbrooke.
Data collection
Briefly, the study included 2 face-to-face interviews separated by 1 year. The interviews were conducted by trained professionals in each participant's home and lasted, on average, 90 minutes. Each respondent received $15 CAD as compensation. The Mini-Mental State Examination questionnaire was administered at the beginning of each interview. People who obtained a score of ,22, indicating moderate-to-severe cognitive impairment, did not complete the full interview (N=27). Of the 2,784 participants who completed the ESA questionnaire (ESA-Q), 2,503 participants gave written informed consent allowing the research team to access their medical and pharmaceutical services files from the RAMQ database and their hospitalization services files from the "Maintenance et exploitation des données pour l'étude de la clientèle hôspitalière" (MED-ECHO) database for the year prior and the 2 years following the baseline interview. Using each participant's health insurance number, the self-reported data from ESA-Q were linked to the individual-level information from the RAMQ and MED-ECHO databases. Data were successfully matched for 2,494 individuals (99.6%). Participants who were covered by a private drug insurance plan (N=208) were excluded because their pharmaceutical claims were not registered in the RAMQ drug registry database (Figures 1 and 2 ).
study sample
The analytic sample for the present study included participants with a diagnosis of arterial hypertension, who were identified according to Canadian Chronic Disease Surveillance System criteria. 2 Participants were considered hypertensive if 
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Milan et al they had within a 730-day period, in the RAMQ or in the MED-ECHO databases, at least 2 physician visits on 2 different days or 1 hospitalization with the following diagnostic codes: 401.x to 405.x or I10 to I13 and I15 conforming to the International Classification of Diseases, ninth or tenth edition ( Figure 2 ). 2 Participants who did not fill a prescription for an AHA for $30 days were excluded (N=44). The classes of AHA identified in the study sample from the RAMQ drug registry database are listed in Table 2 . Participants were also excluded from the study if they switched to a private insurance plan during the study period (N=45). The final sample for analysis included 881 participants with hypertension and treated with AHA ( Figure 1 ).
Dependent variable
The main outcome measure of interest was adherence to AHA. It was measured using the proportion of days covered (PDC), which is the preferred measure when adherence is computed from pharmacy administrative claims databases. 32, 33 The PDC is defined as the total number of days supplied of a medication divided by the number of days in the observation period, regardless of the number of medications taken on the same day. Medication switches were also considered in the analysis. PDC was computed over a 2-year follow-up period ( Figure 2 ). It was then categorized into a dichotomous variable: ,80% and $80%. Participants with a PDC $80% were considered adherent.
independent variables
The main independent variable of interest was the amount of out-of-pocket costs, based on information from the RAMQ drug registry database, which included the deductible and coinsurance rates for drugs dispensed and paid by beneficiaries. For each participant, only the first contribution paid for an AHA prescription at cohort entry was considered in the analysis. 20 Out-of-pocket costs were then categorized as follows: $0 CAD, $0.01-$5.00 CAD, $5.01-$10.00 CAD, $10.01-$15.00 CAD and $15.01-$36.00 CAD. The number of AHA (1 or $2) and total number of medications per prescription (continuous variable) dispensed at cohort entry were also retained from the RAMQ drug registry database.
The annual household income was self-reported during the interview (,$15,000 CAD or $$15,000 CAD). There were 87 missing data for annual household income. Missing data were classified according to the GIS. 30 Participants with a GIS between 94% and 100% were considered to have an annual household income of ,$15,000 CAD (N=1) and those with a GIS ,94% were considered in the $$15,000 CAD income group (N=86). Other study variables obtained during the at-home interview with the structured ESA-Q included the following: sex (male vs female), age (65-74 vs $75 years), marital status (married/living as a couple vs single/divorced/ separated/widowed), region (metropolitan, urban or rural) and years of education (,10 vs $10 years). The presence of depression and/or anxiety (yes or no) was also measured during the at-home interview with ESA-Q mental health module that was based on Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria. The number of physical chronic conditions (continuous variable) was also captured from a list of 18 diseases included in the questionnaire and the 10 diseases reported by the participants are presented in Table 2 . The total length of inpatient stays (continuous variable) was retained from the MED-ECHO hospitalization registry database. 
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Adherence to antihypertensive agents in older adults statistical analysis Patient characteristics were summarized using proportions (%) for categorical variables and medians (range: minimum and maximum) for continuous variables identified as not normally distributed with the non-parametric KolmogorovSmirnov test (P=0.000). Bivariate and multivariable logistic regressions were used to evaluate the effect of out-of-pocket costs on adherence to AHA, while adjusting for all potentially confounding variables. Since the amount of out-of-pocket costs depends on the GIS that is based on the annual household income, a stratification by annual household income reported by the participants (,$15,000 CAD vs $$15,000 CAD) was also carried out. Unadjusted and adjusted odds ratios with 95% CI were reported. To ensure that our sample reflected the proportion of older adults across the geographic area in Quebec, data were weighted based on the following: 1) the probability of selection of the administrative region in the geographical area (π[a]); 2) the conditional probability of selection of the household in the administrative region 
Results
The demographic, socio-economic and clinical characteristics of the participants in this study are presented in Table 3 . As seen, 80.8% of participants with arterial hypertension had a PDC $80% during the 2-year follow-up period. The results did not show a difference between adherence groups (PDC ,80% and $80%) with respect to age, sex, marital status, region, education, annual household income, out-of-pocket costs, presence of depression and/ or anxiety, number of self-reported comorbidities and total length of inpatient stays. Respondents with a PDC ,80% and $80% differed with respect to the number of AHA and total number of medications per prescription at cohort entry (P=0.009 and P=0.031, respectively).
Overall bivariate and multivariable analyses are presented in Table 4 . In the multivariable analysis, participants with a contribution of $5.01-$10.00 CAD (OR =0.467, 95% CI: 0.220-0.989, P=0.047) and $10.01-$15.00 CAD (OR =0.469, 95% CI: 0.221-0.998, P=0.049) were significantly less likely to be adherent to their AHA when compared with those with no contribution ($0 CAD). Those with the largest amount of contribution, $15.01-$36.00 CAD, were also less likely to be adherent; however, this association did not reach statistical significance (OR =0.482, 95% CI: 0.220-1.056, P=0.068).
The stratified analyses by income are presented in Table 5 . Among participants with an annual household income ,$15,000 CAD, non-adherence was associated with out-of-pocket costs for AHA, however, only in those with a 
Discussion
In this general population study of community-dwelling older adults with arterial hypertension, out-of-pocket costs as low as $5 CAD for AHA were associated with close to a 2-fold decrease in adherence to AHA. This finding is consistent with other studies conducted previously in the USA and Canada that showed an association between out-of-pocket costs and adherence to AHA. [15] [16] [17] [18] [19] [20] A joint Canada-US population study found that residents in the USA were more likely to report cost-related barriers to adherence. 21 It should be 
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Adherence to antihypertensive agents in older adults noted that policies on drug coverage in the USA are different from Canada. 21, [25] [26] [27] [28] [29] In the USA, older adults are eligible for Medicare part D, a health and drugs insurance program administered by the government. However, in the USA, there is a limit for drug coverage. After reaching a certain threshold, the patient enters a coverage gap (donut hole) and the drug beneficiary pays for the entire price of the drug. 27 This is contrary to the drug policy plan in Quebec, where drug beneficiaries receive their medications free of charge after reaching a yearly maximum contribution. 26, 30 The results of this study also showed that among participants with a reported annual income $$15,000 CAD, those paying any amount of out-of-pocket costs were significantly less likely to be adherent to their AHA than those with no contribution. Among respondents with a reported income ,$15,000 CAD, with the exception of those with a contribution between $10.01 and $15.00 CAD, there was no association between out-of-pocket costs and adherence. This observation can in part be explained by the disparities in the yearly maximum contribution for patients based on low and high incomes. Participants with an annual income ,$15,000 CAD were more likely to have a high GIS (94%-100%) and those with an income $$15,000 CAD were more likely to have a lower GIS. During the study period, the yearly maximum drug contribution for participants with a high GIS was $200 CAD and for those with a lower GIS, the contribution varied between $560 CAD and $904 CAD. Furthermore, older adults with a maximum GIS have been exempted from out-of-pocket costs from July 1, 2005, and those with a GIS between 94% and 99% have been exempted from July 1, 2007. 30 We can therefore hypothesize that participants reporting a lower income reached their annual maximum contribution faster and started receiving medications free of charge. This may explain the lack of a significant association between out-of-pocket costs and adherence in participants with a lower reported annual income. The reduced adherence associated with increased out-of-pocket costs in participants with an annual income $$15,000 CAD may be explained in part by the higher threshold for the maximum annual drug contribution and to the fact that they were not exempted from paying out-of-pocket costs.
Of all the developed countries with a universal health care insurance program, Canada is the only country that does not provide a universal drug insurance program. 23, 28, [34] [35] [36] [37] Policies on public drug coverage plans vary across provinces 23, 28, [34] [35] [36] [37] and are based either on age, income or employment status. 26, 35 Private work-insurance drug plans also vary by province and third party payer. 34, 35 To date, Quebec is the only province where all residents are obligated to be covered either by the public or a private work drug insurance plan. 28, 34, 35 A telephone survey across all provinces of Canada showed that Quebec residents reported the lowest rate of cost-related barriers to drug adherence. 23 Nevertheless, according to our study, an increase in out-of-pocket costs for AHA was associated with non-adherence to AHA in Quebec senior residents with hypertension.
Although the implementation of a Pharmacare universal drug program in Canada has been previously discussed, its biggest challenge is the associated expenditures for the government. Recently, Morgan et al carried out a simulation to estimate the effects of adding universal drug coverage for essential medicines such as AHA. The authors estimated a reduction reaching $4.27 billion CAD per year for patients and private drug plans and an increase of $1.23 billion CAD per year on drug costs for the government. 37 These results suggest overall savings for society. Policies on drug coverage therefore should not be based on age, income or employment status, but on the clinical value of essential medications for chronic conditions. 34, 35 Like other developed countries with universal drug and health insurance programs, which includes the UK, New Zealand and the Netherlands, 35 Canada should reduce or eliminate out-of-pocket costs for essential medicines to treat chronic conditions. 35, 37 Out-of-pocket costs for medications in Quebec are increasing and currently inlcude a monthly deductibe fee of $18.85 CAD and a coinsurance of 34.5% in 2016-2017. 30 A decrease in the amount of out-of-pocket costs for necessary medicines to treat chronic conditions and a decrease in the annual maximum contribution may help improve adherence to medication, thus reducing the inequity in access to medications among Quebec residents.
This study also showed that among participants reporting a higher income, those treated with more than one AHA were more likely to be adherent than those who were treated with one AHA. This finding is consistent with results from previous studies also reporting an increase in adherence with an increased number of AHA. 38, 39 Some have suggested that patients with a combination of AHA are better monitored by the health care professional, due to the higher risk of developing complications related to uncontrolled blood pressure, which, in turn, improves adherence. [38] [39] [40] On the other hand, an increased number of medications per prescription in participants with lower income was associated with reduced adherence. Polypharmacy in lower socio-economic groups is a growing public health concern due to its negative influence on adherence. [41] [42] [43] The results of this study should be interpreted in light of the following limitations. First, medication adherence was measured with information found in the RAMQ drug registry database that is based on dispensed prescriptions and not on actual consumption. This can lead to an overestimation of adherence rates. However, pharmacy claims databases are still considered a valid source to measure medication adherence. 32, [44] [45] [46] Second, the amount of out-ofpocket costs for medications has increased in the past decade for those with a GIS ,94%. We can therefore assume that the percentage of participants with a larger amount of outpocket costs has also increased in the past 10 years and the results of this study, based on data from 2005 to 2008, may underestimate the association between out-of-pocket costs and adherence in the present context. Third, only the first out-of-pocket costs for an AHA prescription at cohort entry were considered and therefore if a participant switched to a more expensive class of AHA during the study period, this was not considered in the analysis. Finally, the study was conducted in a sample of older adults covered by a public health insurance plan and therefore the results cannot be generalized to older adults covered by private insurance plans or provinces with different policies on drug coverage and reimbursement. 26, 28 Despite these limitations, this study also has several strengths. This is the first study to assess the effect of out-ofpocket costs on adherence to AHA among older adults covered by the public health insurance plan in Quebec, during a 2-year follow-up period. The sample included both prevalent and incident users of AHA. Previous studies among patients with chronic conditions reported a decrease in adherence with time. 46 Finally, data in this study also included linked selfreported measures from the at-home ESA survey to information found in the RAMQ and MED-ECHO databases, which 
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Adherence to antihypertensive agents in older adults increased the validity of results by controlling for various confounding variables and reducing the potential for recall bias regarding health care service and drug use.
Conclusion
The results of this study showed that drug beneficiary outof-pocket costs are associated with non-adherence to AHA among older adults covered by the public drug insurance plan in Quebec, more importantly in older adults reporting an annual household income of $15,000 CAD and more. Future research on health and drug policies should focus on the effect of yearly maximum drug contributions paid by older adults with higher annual incomes. This may necessitate the revision of income thresholds to better reflect income purchasing power for health. Also, a decrease in out-of-pocket costs for essential medications to treat chronic conditions may help improve adherence. Future studies in Canada should focus on replicating these results for other chronic conditions in a larger sample and comparing adherence to treatment regimens in residents with different drug insurance plans.
